Abstract -In this paper it is presented a bibliometric analysis on smart cities research in Portugal and Spain performed using the Scopus® database as a source. Number of articles, citations to those articles, types of sources, most productive and impacting authors and institutions, most cited articles and more relevant subject areas are analyzed and discussed. It is concluded that there is a significant gap between Portugal and Spain in terms of the impact of the research produced, partially explained with the subjects addressed and type of publications used. The results presented here can be of use to researchers and policy makers in the field of Smart Cities' research mainly as a basis for benchmarking.
INTRODUCTION
There are many definitions of what a 'smart city' is. In the 1990s, when the expression was first used, the focus was "on the significance of new ICT with regard to modern infrastructures within cities" [1] but it then evolved to gain a more comprehensive meaning, involving other aspects of urban development. In an example, smart cities "will take advantage of communications and sensor capabilities sewn into the cities' infrastructures to optimize electrical, transportation, and other logistical operations supporting daily life, thereby improving the quality of life for everyone" [2] . In a different example, a city is 'smart' "when investments in human and social capital and traditional (transport) and modern (ICT) communication infrastructure fuel sustainable economic growth and a high quality of life, with a wise management of natural resources, through participatory governance" [3] . In this latter and more comprehensive view of what a 'smart city' is, various dimensions or development axes can be identified: smart economy; smart mobility; smart environment; smart people; smart living; smart governance [3] .
Regardless of the concept of a 'smart city' that is usedmore focused on technologies or in its urban or social implications -it is undeniable that Digital Cities have become a hot research topic for academics in the last years. Naturally, given the different views on the subject, the theme is studied in the scope of various disciplines and several research perspectives and research methodologies coexist. This in itself justifies the interest in better understanding what is being researched, how, by whom and where.
The main objective of the exploratory study presented in this article was precisely to contribute to establish the current state of affairs concerning Smart Cities research in Portugal and Spain and comparing the scientific production and its achieved impact for both countries. Complementarily, it was envisioned to better understand what the main impact drivers of the produced research are. The motivation was to establish a benchmark basis for researchers and research police makers in the Region.
Bibliometric analysis was selected as the methodology to support this study. Although having important limitations, bibliometric methods have the advantage of allowing general conclusion about research production and impact on specific areas of knowledge without the burden of a thorough bibliographical review.
No previous bibliometric analysis or bibliographic reviews on the topic of Smart Cities in Portugal or Spain were identified in the literature.
The remaining of this article is organized as follows: in Section II the methods are described, in Section III the results are presented and discussed and, finally, in Section IV the conclusions and the future work are addressed.
II. METHODS
The bibliometric analysis was based in data retrieved from the Scopus® database. All documents published until the end of 2017 by authors affiliated to Portuguese or Spanish institutions with the expressions 'smart city' or 'smart cities', in their titles, abstracts or keywords where retrieved (see expression 1). The methodology is based on the one used by Dias for his study on e-government research in Portugal [4] . Data was retrieved on January 13 th 2018. The data was then analyzed using the Scopus® web interface to produce information concerning the total numbers of documents and citations and their evolution, types of publication sources, most productive authors and institutions, most cited articles, and main subject areas. Only citations obtained until the end of 2017 were computed.
For subject areas analysis, the original Scopus® subject areas were grouped as represented in Table I . 
III. RESULTS AND DISCUSSION
The results of the bibliometric analysis are presented and discussed in the following six subsections, each one dedicated to a different perspective of analysis.
A. Number of documents and citations
Table II presents the global figures for documents published and citations received for each of the countries and for the two countries as a whole. These figures are complemented with the graphs in Figures 1 and 2 that depict the evolution of documents published and citation received, respectively, for Portugal and Spain, between 2011 and 2017. As can be observed, Spanish institutions have published about four times more documents than Portuguese institutions, which is below the relative proportion of the countries number of inhabitants, but Spain affiliated publications have a significantly higher average citation. The number of publications and citations received has grown continuously for both countries since 2011. Tables III and IV present the document counts by type of publication source, the weight of each type of publication source in the total number of documents, and the total number of citations received and the average citations per document for each source type, for Portugal and Spain, respectively. Comparing the two tables, it is evident that Spain has a higher percentage of journal articles than Portugal and that it has higher average citations per document both for journal articles and conference proceedings. These are typical indicators of better quality and higher impact of the publications. The atypically high citation average that Portugal displays for the 'other' sources has no special meaning since it results from the contribution of a single article published in a book series [5] . Alone it received 262 of the 277 citations registered. As has been observed in the previous subsections, also here it is possible to verify that there is an important gap between the production and impact of research undertaken in Portugal and Spain in the field of Smart Cities: the aggregated bibliometric indicators for the Spanish institutions are significantly better than for the Portuguese institutions. As one evidence, the Instituto de Telecomunicações, a Portuguese research center to each researchers from several Portuguese universities are affiliated, is only the eighth more impacting institution (higher h-index, higher citations) in the Iberian countries and in the field of Smart Cities.
B. Types of sources

E. Most cited articles
Tables IX and X list the most cited documents authored by authors affiliated to Portuguese and Spanish institutions, respectively. Number of citations received, type of document and the main approach/subject address in the document are also presented. Naturally, these results mirror the previous identified gap between research on Smart Cities in Portugal and Spain. But they also shed some light on why it is happening so. From the tables it seems evident that the most cited documents are typically articles published in journals or book series that address policy or concept issues or address concrete smart city cases (Padova [13] , Santander [15, 18] and Barcelona [16] ), in detriment of conference papers that address technological issues or concrete applications cases, and the latter are much more common in the list of more cited Portuguese documents than in the Spanish list. It is also noteworthy the absence of 'smart city' cases in the list for Portugal. Contrary, the effect of the existence of such cases in Spain is evident [15, 16, 18] .
F. Main subect areas
Tables XI and XII show the classification of documents in different aggregated subject areas, for Portugal and Spain, respectively. Note that one document might be classified in more than one subject area according to the subject classifications of the publication source. The number of documents published, their weight in the total number of publications, the number of citations received and the average number of citations per document for each aggregated subject area are presented.
From the tables it is observable that the majority of documents are published in sources classified as Computer Science, followed by Sciences, Engineering and Social Sciences. Average citations for Computer Science, Sciences and Social Sciences are typically higher than for Engineering, which is consistent with the lower impact of documents that address technological or concrete application cases, as identified in the precious section. It is worth mentioning that when compared to Spain Portugal has higher weights for Computer Science and Sciences in detriment of Engineering and Social Sciences. Also, Portugal exhibits atypically low average citations figures for these two least represented subject areas.
IV. CONCLUSIONS AND FUTURE WORK
When compared to Portugal, Spain has very good bibliometric indicators in the field of Smart Cities. In the last seven years its researchers published about four times more documents than the Portuguese counterparts, with a higher percentage of journal articles and with about seven times more citations. Among the ten most productive Iberian authors there are nine authors affiliated to Spanish institutions, and among the ten most productive Iberian institutions there are nine Spanish universities. Also, the most productive Spanish authors and institutions tend to receive more citations, have higher citation averages and higher h-indexes. Also, the citation average for documents published by authors affiliated to Spanish institutions is higher than for the Portuguese counterparts in all studied subject areas: computer science, sciences, engineering, and social sciences.
To what concerns Portugal, the panorama is naturally the opposite. If it could be expected that the number of published documents would be lower than that calculated for Spain, given the difference in size between the two countries, the same is no longer the case for the other indicators. Indeed, the country dimension would not prevent the existence of authors or institutions in Portugal with bibliometric indicators perfectly comparable to the Spaniards, as is the case in other areas. So, it can be concluded that a significant gap exists between the volume and impact of the research produced in Portugal and Spain in the field of Smart Cities.
One of the reasons that contributes to this gap is the fact that Spanish authors tend to publish more in journals and book series which have typically higher citation rates, while the Portuguese publish more in conference proceedings. Another reason is that Spanish authors have published more documents addressing policy and conceptual issues and addressing specific smart cities' cases that also assure higher citation rates. In this respect it is interesting to note that three out of the five more cited articles relate to the Santander and Barcelona cases, which are two well-known success cases of Spanish 'smart cities'.
There is a limit for what can be achieved with a bibliometric analysis. A deeper view of the development of the field in the Iberian countries would always require the use of other methodologies, such as content analysis or case study. Nonetheless, there are two additional aspects that can be developed in the scope of a bibliometric study and constitute the future work of the presented investigation. Those are the comparison of global indicators of Spain and Portugal with other European and non-European countries, and the international cooperation between Portugal and Spain and between each one of them and third countries, and the importance of those collaborations to the development of research on Smart Cities in the Iberian countries.
